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Clinical-studies involving 5-oiarvtidlne, e ring analogue of • 
eytidlne. -began In CuYope In )9$7 end the United States in 
1970. end' we miiw available pmdtnlcal and dlnlcal studies 
hare. The dug possesses cytotoxic, antimicrobial, 
antineoplastic, abortive, end mutagenic activity In vinous 
biological sy items. S-Axa.eyiidine It thought to eiert Its 
sntineepisstfc effect through Interference with nucleic acid 
metabolism. The dosrilmfting toiiatict.ere nausea, 
vomiting, and leukopenia, while the Incidence of 
thrombocytopenia is low. Hepatic toxicity ranges from 
abnormal finding* in liver function tests to hepatle come. 
Clinical results In solid tumors ore not encouraging, but 
S aiicytldtne shows cooi latent antitumor activity in patients 
with acuta myelogenous leukemia nsisUnt lo previous 
treatment Ae overall response rote of 36%, with 20% 
comploti remissions, was achieved in 200 previously 
treated patient* with acute myelogenous leukemia. Further 
studies must define the role of S-mcyHWIne olone and in 
combination for the firsMine treatment of acute 
myelogenous leukemia. 



Amoxcthc wvcsticationai anticwcei hhucs currently 
being sponsored tot clinical I rial by the Division of Cancer 
frwimcnh Noiional Cancer Institute* « 5-atncytidinc, a 
ring analogue of cyiidinc. Il was synthesized hy the 
Chechoslovakian investigators Pisxahi and Sorm in 1964 
ID and produced microbiologics I ly by Vtanka and col- 
leagues (2) in 196*. 

CRnica) trials in £urope using S-aEicyiidi»c as an onlh 
cancer agent were begun m 1967. Phase I clinical trials in 
the United Stales were begun in laic 1970. .Onring the Insl 
i yean, cooperative chemotherapy groupt and independent 
investigators, hove been studying J-aiacyiidioc in patients 
iWih advanced metastatic cancer and leukemia rc/raclory 
to conveational chemotherapetiiic agenii. Although the 
lifug has been used in the clinic for more tium 5 years, no 
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eumprehenrive review has been undertaken. 

We siunmofiu here the preclinical and clinical data 
/xom published at well u unpublished reports. This in- 
fornUiion should help bring into focus the potential clinical 
usefulness of 5-azacyiidine in the treatment of acute my- 
otogenous leukemia. 

Drug Information 
ilOCHEMISTRV 

5--Aeacytidine (4-ainino-I^D-ribofurnnojyH.3,5 Ira- 
atinc-2-ont or l*^D»ribofuranosyl*5-aiacytosinc) was syn- 
thesized in 1964 (IK Two years later it was produced 
microb iplogicnlly in a fermcumiion beer of Sirtpiovatial* 
litmi ladukonui vsr. luttalaws (2), with further character- 
aation of the coiii|K>u»iJ or Bcrijr and Jrlerr (3). Slruc- * 
lu rafly 5-ancy t idinc, is a ring analogue of ih< pvnmid inc 
. nu cleoside cyTid inc and miters from il only bya nilrog cn 
in place of thcHTfnTcaflwn urr Figure t, with cytidinc 
shown for comparison). The identifying chemical prop- 
erties of the compound urt detailed elsewhere () ). 

C£N£IUL BIOLOGICAL EFFECTS 

Mzaeytidine was esciting to early investigators because 
it possessed nmiimerobinl (2». cytotoxic (2), antineo- 
plastic (2). abonive 14). mutagenic (ij), and leukopenic 
(9) activity. Other intrieuing properties, us yti incom- 
pletely invenitfited. include a protective effect on bacteria 
csposcd to ultraviolet liyhi (10) unit on mice exposed to 
lethal X'imtdbiinn til). J-Aaacvtidini: is also. a strong 
inhibitor of antibody formation (12) tnid is considered im- 
munosuppressive in* mice ri3). 

MUCIUNJSM 0K ACTION 

A i an antimetabolite, 5-axtcyiidhtc is thought to exert 
ill aniineoplasiic eltcrt ihrouck un interference with nucleic 
aeid metabolism. The precise steps in nucleic ocid metabo- 
lism affected have not yet been identified. Pour mechanisms 
for this interference have been prnpoicd: (!) incorporation 
of S uzacylidme into ONA fM):|2| incorporation of 5- 
aueyiidlno imn RNA (15) and hence interference with 
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S*«rtieytUliw * eyUdi&t 

rliyre.L SlrudvM of 5-o*»eytMln«. with cytMU* shown »« com- 

protein lynUesu; f3) competition for uridine kinase (1 6); 
and (4] inhibition of orotidyiic acid decarboxylase (17, 
II). There ii supportive evidence for each of these pro- 
posed actions. 

5-Attcyiidinc is phoiphorylated and incorporated into 
both UNA nnd RNA polynucleotides 0/ various bacterial 
and animal tumor systems ( 15. 19-26). Spontaneous degra- 
dation 0/ the symmetrical UiaaJnc molecule of 5-izacyti- 
dinc makes the DMA less <iabk and more liable to 
disruption of ihe- secondary structure arid hence causes 
chromosomal breakage (H, 2 1 , 27-29 ) . 

The incorporation of 5-axacytidine into newly synthe- 
sized messen|er RNA (29. 30) litres defective messenger 
RNA thai eannoi code properly for pro rein synthesis, and 
hence there is inhibition of protein synthesis. Transfer 
UNA symhesked in ihc presence of 5-nucyiidioc is also 
structurally and functionally modified, and jucb modifiea- 
lion may be one of the major actious of* S-azaeytidinc in 
inhibit! ng p/oiein synthesis in mammalian cells (31 ). 

Uridine kinase, Ihe eoiyme that catalyzes the phosphory- 
lation of uridine and cytidine (J2)» is regarded as ihc rale- 
iimitjng step in the pyriniidinc salvage pathway (33, 34). 
It is Ihe first enzyme latin* pan in the metabolic change 
of 5*i«cytidinc (35), 5-Azacytidine probably competes 
with uridine end cytidine for urjdine kinase, ainco uridine 
and cytidine win reverse the bacteriostatic effects of 5- 
azacytidtne (I6J. 

5-A2dcyiidine nlso blocks the (It noro synthesis of pyri- 
jmidmct bv interfering with orotidyiic acid decaiboiylasc 
'(17). 

AClivrrv «v cxpGnmiiNrAC tvmo»s 

Sorft) ami Vestry (9) reported the activity of, J-ax* 
cytidine against lymphoid leukemia in AK mice in 1964. 
,Since Ihcn, the dmu has shown ligniliiainL-aciiyilv in flic 
.1 J2 l^ jmttusc.lcu'^niiaux«cn> a nd was , active in in Wines 
of L12I0 resistant in C-rocrrapiopurine, nmincplc'rin. and 
cyclophosphamide (2). 

3-Aiacyridinc has been shown - ineffective in tinimal solid 
tumor systems, including Walker HO nnd spuaianeous 
mammary lumor (36). The globulin secreted from murine 
myeloma tumor MO PC 21 in the presence of S«aueyiidi'ne 
vat still in lea but decreased in amount (371. Combina- 
tions of 5*aeacytid»oc nnd emetine have shown enhanced 



activity in the L12J0 nysiero (3S). S-Azacytidine and 
cytosine arsbinoside have alio been synergistic to. that 
system when used in the appropriate schedule (39). 

The question of drug schedule dependency in the various 
tumor systcma a y controversial matter. Vtodiiii (40) 
cJaims thai S-nz acvridtne has no important schedule j c»] 
pend ency because daily and intermittent treatment sche dJ. 
ules in UDO leukemia- bearing mice art eonallv effective ' 
However, vhen indivi duol hamster fibroblasts, aft ca>, 
amined, the effect, of i-taaci Muluic teems to''^dl-CYcl e I 
ph ase specific in that it ii most-joyc, to cells in thc^s f 
phue^cspecially at low concentrations (4), 42). Uoyd, 
T CuTmTdi£. and VVilfcofT (43) also conclude that S-axncyti- 
dine ii a ceil<yclc phase specific agent, since noflproUferat- 
ing LI2I0 cells ore retativeJy insensitive to corKcnlrationj 
of I-aiaeytidinc that markedly reduce Ihe. viability of pro- 
liferating cultured U2I0 cells. 

ANIMAL TOXICOCOCV 

Tour animal species (hamsters, mice. Rhesus monkeys, 
and beagle dots) have been studied for single and -repealed 
dose toxicity. The most sensitive species appears to be 
the beagle 144, 45). 5-Azacyiidinc caused a moderate 
decrease in Ihe level oC circulating leukocytes. The platelets 
seemed to be the least susceptible of the blood elements. 
Widespread jicctosis of lymphatic organ* was seen. There 
vero nn item mental effects on gastrointestinal epithelium 
(45). 

Si njle dffex of 5-aiacvtidinc nf E mtj/m* hody surf ace \ 
area were dnmncmt to the liver of the does , with elevations 
of alkaline phosphnrasc, scrum glutamic pyruvate transami- 
nase, and prothrombin time noted. The principal morpho-. 
logic effect on renal tissues. was (he accumulation o( a 
globular cosinupbilic material in the lumens of the renal 
tubules. Blood urea nitrogen levels were occasionally ele- 
vated (45). Overall, ihc toxicity of 5-azacytidine in the 
beagle appeared predictable, d cue -related, and reversible lo 
most instances. An exception was hepatic cell necrosis, 
which occurred sporadically. 

Mf.TAliOUJM AND f HAKJHACOKIN£VlC* 

fn-vitro studies of the dm? show Ihut it undergoes 
rapid hydrolysis in neutral and basic media (4.6). The 
degradation products' do not produce as much bacterio- 
static activity ns does S-azacytjttinc (46) but are currently 
bclny invest iyinctl for antitumor activity. 

Rosko and associates (19) studied the phormocokinctia 
of the drug in mice using H C-bbehrd 5-izacytHlinc. The 
radioactivity, which could represent parent drug or me- 
laboliiefs), dropped mpidly in the blood during lite first 
K \\ after adm'iniit ration. :tnd the calculated pinitru'hiiT* 
life was ■pproriittaiery 3.8 h. The tev?J of radioactivity 
was greater nnd the reivtition longer in the lymphatic 
organ*, 't he relatively rnptl drop in eancfniralions of 
radioactivity in the scrum corresponded to initial ropid 
excretiutt in the urine. 

Elegant pbarmKokimiic itwlics in man by Troeiel and 
associates (4? I dcicrihcd the distribution and excretion . 
of radtoaeiivdi' labeled 5-awcyiidinc given by intraveiiou^ f 
and sitbcuinneuui routes. The ab>orption from tnc sub- 
cmoitfou* attc was rapid, "with" plasma levels wilbuj 2 b 
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Trtt 1. Mat* I Studies «Qh *Aac|«dlfla 
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equal to lhar noted u> patients treat ed wilj) jnJrtffcftQiu 
drug. The plasma halMifc /or radioaeiivcry labeled 5* 
• aucyiidio* and iis ndioociivc metabolite* after intra- 
venous iojctuon J J h and after subcutoueous in[ection 
was 4.2 K This wai confirmed io subsequent studies by 
Vogler, Arkun, and VtieiGarcie (48), who found o half. 
Iilco(3hto4,7h. 

Patients receiving ihc drug excreted 90% of the. total 
radioactivity in the urine within 24 b (49). 'D/ug ww 
taken up into tumor tissue, and radioactivity in ihc tumor 
wa$ always greater than that in the norma) surrounding 
tluue (47). However, no active transport mechanism has 
been shown. Radioactivity was demonstrated in ascitic 
fluid but did nor reach equilibrium until ( h after adminis- 
tration (47). The concentration of radioactivity in the 
cerebrospinal fluid was measured 24 h after administration 
and was equivalent to 0.2 fit of drug/ml of cerebrospinal 
fluid. No significant radioactivity- was found in feces, spu- 
tum, vomiius. or expired carton dioxide (47. 45). 

CAUD SUPPCV AMD I'lUtLMACeVTtat data 

5-Aiacylidine is presently available only as an invest!* 
£»iioj»ftl drug through the Investigational Drug Branch 
of the Cancer Therapy Evaluation Program. The product 
is supplied as a while lyophiliicd powder in vials coo min- 
ing 100 mg of 5-azacyiidioe with inanniiol, USP, 100 m*. 
When reconstituted with 19.9 ml of sterile water for in- 
jection, USP, each miililitrc of solution contains 5 me, of 
5-aucyHdirje and 5 mg of manoito). The pH of the solu- 
tion mil be 6.0 to 7.3. The fcconjlilufcd solution by- 
rirolym at room temperature and should be used within 
30 min. 

The rteontiiiiiied solution can be further diluted in lao 
to led Ringer's injection, USP. which provides the optimum 
pH (6.57) (or solution' stability. Reconstituted solutions 
mat are further diluted with lacuicd Rimer's injeaioo 
should be used within 2 to > h. Durinf this time there b 
a 10ft to 15% decomposition or the 5oucylidinc baaed 
on ultraviolet and nuclear magnetic resonance assay, mcuV - 



ods. Drug potency U jeopardized if the solution is not used 
within that period of tfrac (50). 

RoulUof Clinical Triads 

This review of dinkal trials encompasses a total of 38 
protocols received and reviewed at the Investigations] 
Drug Branch. To dale 'Uiit represents S2J cvaJuabJe pa- 
tients who have received I lie drute, 
• . K- ^ 

TERMINOLOGY 

The palknls reporled include only those who received 
J-aaacylidinc by a predetermined dose schedule and who 
could be followed by aa objective index of disease (eveJu- 
abk patients). 

Partial remission denutes a greater than 50% racasur* 
able decreise in tumor area, loaiing a niintroum of ) 
/north, or the occurrence of an KlV marrow tfi the case 
o( leukemia*. Complete remission denotes complete dis* 
appearanee of measurable disease or an M,» marrow. 

COHOPfUN TXULS 

Jn 1971 Hrodek and Vesely (51) first uported that 
intmmuscutar 5-ai»cytidtitc had activity in chil dhood jeufce* 
mia. When 5-aueyiidinc was u«d alone dating the indue- 
lion phase, there was a decrrase in tho tcukocyie count, 
but complete remissions were obtained only with the addi- 
tion of prednisone. These results wer* very encouraging, 
with abouLan S4ft resoonse rate in patients with acute 
lymphocytic leukemia. Uo/ortunatcly, one could net sort 
out what role $-aza<yjidine had in these remissions. 

STUOtIS IK TH6 UNIT 10 STATO 

The fin i Phste I suiditt in the United States were begun 
in taie IP70. Dosed on Die tosiciiy rebuilt in doas, the f.j 
initial jianiny dose in man waj caiinwitcd to be 3.) rog/m* 7/ 
day for 5 days. Karon and colleagues (32) started out off/ j 

» CritcW* tm iciW»vk'» «f mVtmJ* rt iW twpo w uurfy $r*v$i. 
Hi emtio Imr tua J r i klast ttm or «tfwr rrutnnic ccfli ic a aorjutly 
uU»Uf taM mtmw, u4 M| ttmtri 3"* It :>fr ta&cmu ffttl la die 
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I m^m : ' day, but, ruvinj found no toxicity after several 
dosage escalation* fFibtinieri scaled they increased ibe 
dose 7(1 to 100 times the initial (liming dose before cti» 
^.countering .toxicity. Other inrtatifiators. explored tidier Ihc . 
same or different dosage schedules. 

The Phase 1 studies lhai have Involved 207 piiicnii lo 
date art summarised in Table I (53-5H), which includes 
the uaninfi dose, highest escalated dose, and nuAiaially 
tolemicd dose for each study. The i)psc-l]niiiifl( toxicities 
have conibiauly been nuusca, vemiiinj. and leukopenia 
(/«To*iciiy). 

The masimafty loleratrd dosajes on a daily limes five 
schedule hive been 130 lo 700 mc/m : - day for S days 
■every 14 to V. day*, depending on recovery froio-myclo- 
suppression. The minimally tolerated dose Tor a weekly 
int/avenoun dosage hai been about 500 m^m" and 150 
me/m* for a iwkc weekly schedule* When continuous 
inlravenotu infusions have been used, the maximally toler- 
ated dose hat been 150 to 2U0 mj/mV day for 5 days 
every Id io 2U days, with infusion solutions being changed 
every 3 to 4 hours in avoid lost of drug potency secondary 
to dnifi dccompojHion (50). The continous inlWon m»y 
have an advantage in produciiif, lexs 'jmuoimcsiinal in- • 
tolerance (vitb infra). 

ANTIN'tOl'lASYtC ACTIVITY U>' Tt'MOH TVr>C 

Acute AtyrtypnMf LtnkeiniA: Dstpite recent advances, 
ihe treatment of acme ntrciogcnoui Ictitien^a remains much 
t less cffcciirc than that of av»»u lymphocyiiv leukemia. MmI 
1 current ireaimcrH regimens for bcuic myctorcnoiii kukc- 
l mi a include combinations of cywsinc anbinu>idi% 6»tWo- 
U-xiamnc. daunomyein, m\6 oecasionally jjdrijniycin. am) 
Ivinciisilns or prednisone, or both.- Patterns who Have failed 
Ion these uyenii ha\x tuid link hope for remissions. 5- 
[AtAcytidine appears in he a-»5cful iifitw for some of ihc 
ascs refractory to these *dr«£S. - 
The i*lfccii*tnwi of 5-aucyiidinc hns cmerficil primarily 
in studies in icuic ntyctngettous leukemia, live faults on 
a toial of 200 ncuic myclogcnwi* leukemia poticms trcaicd 
with 5-awcy(idine alone showed an oversll response rate 



W 363 (70ft complete /emustons and J 6% paftul re- 
missions («r Tabic 2 |59-©7|). The median duration of 
remissions has becu bclwen 15 and 19 weeks. The wort 
siriking point in these, siaiittirs it thai almost all of the 
patient! who responded hod b«n rtfrsctor)' to all conven- 
tional antileukemic ngwU. 

It is difllfvlt to drovf any conclusions as to which is the 
most, ctfcciirc do» schedule, sintv a|iprt)jimaicly .cquaJ 
rcftj'wioh rales have been seen with 100 tn 250 mg/m» 
iwict weekly. )50 to 400 mf/iti' - day times 5 days, and 
coMmouc innicionecf J-awcytldtne ov*r 5 dnys. Howcvir. 
certain schedules nmy be- advantageous in tcrmt of tonicity 
(aec Toxicity). 

Shty : sit more paticots with acme myelogenous Jcvikcmb 
have been -treated with 3-awcytidinc in conibiniUop with 
ime or more other chemtithsrnpeutic agents in Phase it 
iriab (s«. Table ? |6W5|). fce>poi>se rales with com- 
binations inihidinj 5-aiaeyiidinc have ranged from 29ft 
to 6$% x but thv number uf patients. treated in each study 
has been toosnwll for aay incanin^rul conclusions. 
" In suntnVitfy, J-azacyiidinc has been effective in inducirii 
remissions in some rcfracioT casrt of acute myelo|tn0us 
Wtikentia. and tunhcr combinaliuns of S-meyiidine with 
Oltuv drugs arc briny explortct in prcvicmsly treated paA 
ticnls. The ncil step in the evaluation its an antileukemic! 
a£cni will be to to* 5-aiacytidiuc in comblnatmns as Hist-* 
line trcalincni of acute myelogenous leukemia. 

Atvte Lyutphufxik b'ukcmh: Tabtc 4 ($6-70) ihoyn 
ihc American expericrwc with anac lymphocytic leukemia, 
which has n»* been as wconravinc as Htc earlier European 
experience Of 39 refnntory patients Inenied with 3->ia- 
cytidins atone, there have hcen only three *cumplete re- 
nUmu ami Im) pariijl icmissiottf. for a 107* ovciatl 
fcspotvsc n»tc. 

Chwule Myrhifctwiu Lrukiwhr. There hate been no 
remissions in nine paiicnu treated with 5-awcyiidine, but 
ihrec did show henmtmagie improvement. 

Muhiflr Wy</o»wr; No ropunscs were seen in nine 
piticms evaluated on a 5 ac\cyiWiuc mid prcdniione conv 
binatiun (f<>). 
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While 5-aiacytidinc has given encouraging results in the 
Ircatmcnl uf acute myelogenous leukemic the drug has 
not ytl shown anr significant activity in. solid tumors. 
Table 4 summarizes ihc single ogtni activity o( 3-atac)<ii- 
dine in various types of ctmctr. Suntc of ihc solid tumors 
thai hove been evaluated include: 

oVeoxi: Weiss sod colkogues (56j reported thatseven of 
1 1 patients with breast- ennctr responded to 5-a«cytidmc 
in. early Phase i trials. Mom of these patients had cither 
chest wait recurrences or unresectable tumo rs involving the 
breast. One remission did lost 6 months. This encouraging 
antibjmoc activity wai not con tinned by others., with the' 
csceptioarofDcliei end associates (69). who did notice an 
early, dramatic partial remission in ooe of .tour cvalth 
able breast cancer patients. 

Or 71 patients wish metastatic hreasl cancer given 5- 
uincyijdme. the nspontt rate was 1995. Prom thcte rciulis 
it musi be concluded that J-axaeytidine is nol an active 
agcnl in breast cancer as was originaijy Mpecled. However, 
it should be noted* thai most of the patients studied had 
been refraciory to other chemotherapy. 

Limg: Fony-five patients hove been treated in Phase I 
and Jl studies, with a'lotal of seven partial responses. No 
particular cdl type has predominated. Because of the low 
activity and accompanying gastrointestinal intolerance, . 
further trials to this disease are nol contemplated. 

Co/wi and fleaum: Eighiy-cne patient* have been 
treated, wl»h n total of five partial remissions. The drug 
docs not seem to offer any ihcrapcutie ben em in this ' 
disease (70). 

Mdmwnm: forty-four patients with meligiuitil mela- 
noma have been treated with S-uacytklinc. Three patient* 
hove had u partial response, with one remission of 6 
months* duration. 

Misc-tllnneous Tnmors: Several* other tumor lypes de> 
Uiied ia. Tabic 4 have had inadequate trials with 5-aia- 
cyiidtne; thus, no HsHemcnt can he made regarding the 
presence or lack of anlilunwr effect. Of interest, however, 
have been a few ponial responses in ovarian cancer! 
lympnoma, and mesothelioma. 

Toxicity 

Table 5 summarizes oil of the major toxicities in Ihc 
Phase I, Jl. and III clinical, trials reported to ihc Jnvcaii* 
gational Drug Branch. Tins table includes information on 
745 patienli who received 5-aeacyiidmc alone ai various 



dosage levels. The major tonicities have been |astrointe*. 
tinal, hematologic, and hepatic. 

OAmctwrcrnwAL 

Nausea and vomiting have been panlculary troublesome, 
wsiciiics, with overall incidences of approiimaiely W*. 
The nausea and vomiting begin I to 3 h after intravenous 
injection and usually recur wiih each subsequent iojcctioo 
MS, 69}. Antiemetics uidx » cMorprotnasine have had 
variable effect on these symptoms, with some investigators 
believing ihem io be useful if the pattern is prctncdicetetl 
for 24 to 4S h before the course of 5.aiac)mdinc is given 
(32). Because of the nausea and vomiting, some patienft 
"have been unwilling to hnve repeated courses of the drug 
(6$). Uii certainly is a major factor against further trials . 
with the tlnig in conditions vrhcic its activity bis been 
borderline. 

A number, oi investigators noted a slight decrease in the 
severity of the nausea and vomiting if ihc drug was given 
subcutaneous!?, in divided doses intravenously or by a 
fast drip ovex 15 min (52, 53. 36, 60, 69). Two* protocols 
were designed by Vogicr, Miller, and Keller (57) and 
Lome*, Vaitkevicius. and Samson <5S) to give the dnjg by 
continuous infusion pvtr a 5-day period. An objeciioo to 
thU method is that the activity of 5-azacyiidinc (as rsiee- '' 
wed in physicochemical and biological gysttms) is leas* 
titan anticipated because of degradation while in the ia- 
fusion solution (jc* Drug Supply and Pharmaceutical 
Data). One can circumvent this problem by having infusion, 
solutions made in Ringer's lactate, USP, and changing the 
bofiles with new solutions hung every \ to 4 h (57, 58). 
Nausea and vomiting reported with the infusion data is 
reduced to SO* h 10% in Voder 1 * series (57) and io a 
virrual absence of ii in lumen'* series (5fi). k 

The average reported incidence of diarrhea in nil series 
is 53*. ll has not been 3 dose lirniring losicitv. The in- 
fusion,, or subcutaneous mule, may ntso decrease its in- 
eidence. 

HEMATOLOGIC 

Several of the Phase I studies pointed to leukopenia as 
a dose-limiting toxicity. The overall incidence of leu- 
kopenia (less than l500/mm> total leukocyte count) was 
34*. including all dosage leveb. Ji w»s"a dosc-relatcd 
phenomenon. 

In patients with solid :umors treated on a daily intn»v« D . 
ous times five schedule, the mean nadir of leufcopcoia has 
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bteo en Day 25,* with a range oMS io 30 days (70). The 
nadir has been Jighiry liter on a dally intravenous lintcs 10 
schedule (70). Recovery usually (a place in I to 3 weeks. 
(41, 61, 69}, bur, as usual, vigorous support in the leuko- 
penic period has been necessary (70). Subcutaneous od* 
ministration over JO days also sccnu to del ay the leuko- 
penia somewhat 421 io 35 days past the start of treatment), 
Hematoloxiciiy does not appear to be cumulative in pa- 
lien Is with solid tumors. 

In patients wkh acute nonlymphocytie leukemia treated 
on a daily intravenous 5-day schedule, the- median time to 
nadir of leukopenia has been 14 ro 17 days, with a ranuc 
of Z to 30 days (61). The median duration'*/ the nadir 
was 14 lo 17 days (range, 2 to 79) (52. 61). and occasion- 
ally rhe leukopenia was prolonged (55). 

Thrombocytopenia (less than 100 000/mm*) has been 
reported in 17% of the patients receiving Ihc .Uru|. Irs 
mean nadir occurs in 14 lo IS days, with a jrai^c of I J lo 
,21 days (61. 70). The median duration of the nadir has 
been 15 days. The thrombocytopenia a duse-ucpendeni 
and of surprisingly low incidence; however it may he (dial 
(69), and plmclei support should be available when 5* 
aiacyiidine is given. 

Anemia tins not been a ureal problem, with approxi- 
mately 4% of patients having a gr-aier than )*grtf| drnji in 
hemoglobin directly attributable io the drug. 

HCfATlC 

The overall incidence of abnormal findings in liar 



function tests thought to be secondary to 5-nxacytidine is 
aboui .Hepatic coma, became manifest in 0.5 5* of 
patients receiving the drug. The hep aio toxicity does not 
teem lo be related to dose, schedule, or route of admiois- 
tration, and therefore one tnttsl be wary of ttsln] the dnj| 
in the prcsetiee of liver disease. Bella imd co-workers (71) 
hnvc reported four death* secondary to hepau'c Coma id 
pnlirnts receiving 5-azscylidiitt who had preexisting liver 
derangemcut. Wheo they cumpared Ihe patients dying io- 
hepatic coma and a sum vim; group with hepatic metastases, 
;ht fonner had a baseline scrum albumin of less torn 
2.S u/i)l, while the biter had albumins jrcater than 3.0 
e/dl. Prrcuianeutis liver binpiie^ in patients with metastases 
could not he evaluated before or after treatment because 
the biopsies coosisted mostly of tumor. Bcllet and co- 
workers concluded that 5*aucytidiitc is contraindlcated 
in patients with hepatic mcifcMasa and serum albumin 
levels less than3g/dl. 

KSUftO>ILSl*Ul.A» 

U»i utKl tisscciales (ul) noted a peculiar myalgic/ 
asthenic syndrome in 17 of 13 patienii receiving 5-aza- 
cytkJinc by imravenems bolus an a 200 m|/m~ • day times 
dvi sciiedule. The onset was on the second to third day of 
therapy, with t'cnrrnlitfd muscle tcodvrnus. weak nets, 
and ktharyy. As lime proy rested, the patients bceome 
confused ;mU aumiiMlcnt They rvportcrt thai one potieni 
bees i ik cctnruMe on two ruiucctuivc ocensiuns after re- 
ceiving the drug. The reason for this supposed toxicity' 
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has nol been established, bui it has only been noticed 
sporadically by other investigator,. Iht overall incidence of 
»hii ncurolocjc-muscurar jptd/ome io 743 patient? civcn 
ihcdr\i<s\vas2.7ft. s 

OTHU TOXICITIES 

/evar was a complied*, of 5-aucyiidine therapy i 0 - 
6* of paiienls receiving thcUn % fiction in temperature 
usually occurred j 10 4 hours after administration of the 
dru t continued rhrousjhoui the duration of iht Ireatmtm 
courac, and fell to normal limits wilbin 24 h o£ completion 
of the course |55): A pruritic follicular skin rash h as been 
fttftil in 2% of patients rcceiyi„ e 5-aiacytidine (52) 
Stomatitis, phlebni,, and hypotension Km bceo infrt- 
qocmly reported toxicities of 5-aiacytidine, 

Of the 745 patients receiving Jniacyridioc alone there 

IO.bfti. One was d uc rp hypotension, ttirec to hepatic 
coma, and two iccondary so thrombocytopenia, 
. Oltcu«ion 

TCs paper represents Ihe first, review of laboratory «. 
pcnnienial animal, and clinical results on 5-aucyiidinc, a 
Pjfi midinc nucje osjo^n a | 0 K.i e ,hM ha, been in clinical 
Ifialjimec l^^lihoocl, there arc numerous studies 
on (he mode of action of this druj,.iherc has- not been a 
final conclusion as io which mechanism plays the most 
iijntficanl role in the antineoplastic eilect of Ihe drug. 
. The aotilumor activiry of S.aneytidioe ts high in ei- 
penmeural animal leukemia, while it is only marginal io 
expcHmental animal solid tumors. Interestingly, these 
results appear (o ^relate well wiih ibe initial clinical 
experience that indicate* antitumor activity in human 
leukemia but generally disappointing activity i n human 
j solid lumors. 

/ Comparative losicology dasa xhow thai qualitatively Ihe 
beagle dog correctly predicted for. tone marrow and hepatic 



Oosite SeJieduk (Reference) Ra„„ of Dcsac* Total 



loxiciir in man hut overprcdiefcd for renal toxicity. hfone 
of (he four animal tptcUt teticd were predictive for the 
considerable natuca and vomiting that hare consequectUy 
plagued clinical irialx. Quaniilirdy, rhcrf arc iremendom 
interspecies diiftrxnecs. indium^ thai man ran lolervc 
nuich higher dojesof S-uricyiidme. lorvrspeciei differences 
m th^rcbiivc artivily of Jdtttw and deaminases p/obah|v 
account for this difference in tolerated dose. Further studies 
m this area would be datable. 

Pharmacokinetic dais have shown thar excretion patterns 
of tadioactivcly labeled 5.az*cvi,dine are ihe same in to- 
aemi. dog. and nun. However. i nr paucilv of published 
data does not allow us to compare mctaboliim of the drue 
in the virions species. 

Mxacytjdinc has had a fairly exscniivc trial in several 
0l Ihe human solid tumors, but ihe therapeutic results 
hare generally been dkappoiiiiinj. Further clinical trials 
in breast cancer, lung cancer, colorectal cancer, and melo- 
noma do not seem warranted at this time. However, s-veral 
oilier of the less common solid minors have received 
inadequate trials, and more patients in these disease cate- 
gories need to be treated with 5-amcytictine before the drut 
a labeled m inactive in wlid tumors. 

On the other band, Sttacytidmc lias a defir 
the treaimeiil of. acitle .myelogenous kmkemia. 
irealment regimens for the primary 
mycloienue lesitoema involve the use t. 
lions of chemotherapeutic agent* indudirtf cytosJoe ara- 
bmositfe, f thiofiitanuic, daunomycin, and occasionJlv adri- 
amytin and vinensoac or prcdnisooe, ox both, Rxsjiroens 
using these agents in various combinations have given re- 
mission Induction Tares between )4% nnd«4%. One of the 
won importanl Ocsi-Jinc aimbinatioos recently refined by 
Itc Cancer and Acute Leukemia Croup B has been cyio- 
sine arabinoside plus daunom^in. Seventy-seven perecnl of 
patients with acute myelogenous leukemia have ucltievcd 
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remiiaon when treated with Ihat combination (72), 

Unfo/iuoitt|>; even with the high-lnrluciion rates o(thc 
above regimens, most patients do relapse, and the convert- 
iional antileukemic igcnts arc soon exhausted. Our review 
has shown lhas S-ijacyiidine has dtfiniie activity in Ihexe 
refractory coses, of acute roydofcnoui leukemio of adults, 
and children (36% response rate). The median duration 
of remission has been encouragingly long In view of ihij • 
documented acuviry. wt would recommend ihot J-ap- 
cyttdine bt used to treat acute mjrdojenetu leukemia pa* 
Uenb who .have failed the ruorc .conventional agents, 
cytesine arabinosidc. 6*tbioguaju'nc t a ad dauaomyo n. The 
role of 3-axacyodinc earlier in the course of acute tnyeJo-' 
yenous leukemia naj.not- yet been defined, aU houjft studie s 
ngjf> g l-aiflfl-rinW jft rftfti h»mioni as first-line irefltrmnu 
for ocu ie^frycloyenQtit leufciniia arc onroinp. 

Many: areas worthy o7 future studies with this drug have 
tieen uncovered' in this review. The protective effect on 
mite exposed lo lethal X-irradialion needs to be confumcd. 
This could be important U the drug is used clinically with 
radiation. (herapy or total '-body irradiatieo. The degradation 
products ol! the drug should be lesiod for experimental aotk 
tumor activity, as they may well be more naive than the 
parent dru£; Additional anipisl experiments u«Jn; 5-oia- 
cytidinc with cylidinc as sin antidote ucvd lo be done. This 
combination could theoretically he used lo five a better 
therapeutic index? (73). 

/ ( Future clinical studies ilmt are needed. Jndude the oiv 
i^oinj; tiac of 5-izacvtidme alone and in combinations for 
I the first-line ucuinicm of acut6 myelogenous leukemia. 
[ Further conlroUcd explorations of the use of infusions of. 
the drus* versus other modes of administration would be of 
interest.' Additional clinical trials using subcutaneous ad- 
ministration are important, as this could be a inure desir- 
able route, especially iu children. The role of 5-azacytidinc 
in consolidation, maintenance, and late jntensificatidn regi- 
mens tn acute myelogenous leukemia remains to be defined. 

Own 1 1, 5*aucylid)ne is an effective drug for the treat- 
ment of patients with acute myelogenous leukemia who 
have relapsed after other therapeutic approaches. The full 
potential of this new tlmj h yet to be realized. 
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